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The COGAS Development Company (CDC) i s  a consor t ium made up of Consol i -  
d a t e d  N a t u r a l  Gas S e r v i c e  Company, FMC Corpora t ion ,  Panhandle E a s t e r n  Pipe 
Line  Company, and Tennessee G a s  P i p e l i n e  Company. COGAS Development 
Company i s  developing  a p r o c e s s  f o r  t h e  convers ion  of coal t o  gas  and oi l .  
The g a s  can e i t h e r  be p i p e l i n e  g a s  (SNG) or an i n d u s t r i a l  medium-Btu f u e l  
gas .  The o i l  can e i t h e r  be  a s y n t h e t i c  c rude  o i l  o r  a low-sul fur  f u e l  
o i l .  The COGAS p r o c e s s  combines t h e  f lu id ized-bed  p y r o l y s i s  of  c o a l  w i t h  
g a s i f i c a t i o n  of t h e  c h a r .  G a s i f i c a t i o n  is  achieved  by s team, producing a 
syngas  -- CO and H 2  -- w i t h o u t  t h e  need f o r  bu lk  oxygen. This  p r o c e s s  has 
been d e s c r i b e d  p r e v i o u s l y  [ l ]  [ 2 1 .  

Fluid ized-bed  p y r o l y s i s  w a s  developed by FMC Corpora t ion  under t h e  COED 
p r o j e c t ,  which w a s  sponsored  by t h e  O f f i c e  of  Coal Research, U.S. Depart-  
ment of  t h e  I n t e r i o r .  R e s u l t s  of t h i s  p r o j e c t  were publ i shed  [31. A 
number o f  c h a r s  produced i n  t h e  COED p i l o t  p l a n t  w e r e  u t i l i z e d  i n  t h e s e  
s t u d i e s .  

Because of t h e  d i v e r g e n t  i n t e r e s t s  i n  d i f f e r e n t  c o a l s  of t h e  several 
p a r t n e r s ,  w o r k  w a s  i n i t i a t e d  t o  deve lop  a bench-scale  u n i t  which could  
y i e l d  t h e  d a t a  needed f o r  e v a l u a t i n g  p o t e n t i a l  c o a l s  f o r  a COGAS p l a n t .  

The requi rements  f o r  t h i s  u n i t  w e r e  t h a t  it be capable  of both e s t i m a t i n g  
t h e  y i e l d s  of o i l  t h a t  might  be expec ted  from f l u i d i z e d - b e d  p y r o l y s i s ,  a n d  
Of de te rmining  t h e  r e a c t i v i t y  of t h e  c h a r  t h a t  would r e s u l t  from t h i s  
p y r o l y s i s .  The d e s i g n  of t h i s  C o a l  Evalua t ion  U n i t  (CEU) was such t h a t  
one o p e r a t o r  could  o b t a i n  b o t h  coal p y r o l y s i s  y i e l d s  and c h a r  r e a c t i v i t y  
data i n  one day. 

Thermogravimetr ic  a n a l y s i s  (TGA) is  wide ly  used f o r  t h e s e  de te rmina t ions .  
However, thermal  a n a l y s i s  of coal p r e s e n t s  problems i n h e r e n t  i n  c o a l ' s  
n a t u r e  [ 4 1 .  TGA measurements show t o t a l  loss of weight  on p y r o l y s i s ,  bu t  
g i v e  n o  informat ion  as t o  the relat ive amounts of  t a r  or gas  t h a t  are 
o r  might be o b t a i n e d  i n  f l u i d i z e d - b e d  p y r o l y s i s .  Our e x p e r i e n c e  wi th  t h e  
TGA a l s o  showed t h a t  g a s i f i c a t i o n  rates o b t a i n e d  w i t h  steam and COZ were 
a s  much a s  one o r d e r  of  magnitude g r e a t e r  t h a n  t h o s e  o b t a i n e d  i n  l a r g e -  
scale p i l o t  p l a n t s .  I n  a d d i t i o n ,  TGA experiments  are expens ive  and t i m e  
consuming, and s i n c e  t h e  TGA uses  such s m a l l  samples ,  a n a l y s i s  of t h e  
r e s i d u a l  decomposi t ion p r o d u c t s  i s  seldom meaningful .  
W e t  o x i d a t i o n  p r o c e d u r e s  fo r  de termining  carbon r e a c t i v i t y  g ive  o n l y  
s e m i - q u a n t i t a t i v e  d a t a  [5] . 
TO overcome t h e s e  d e f i c i e n c i e s  t h e  s u b j e c t  i n v e s t i g a t i o n  was undertaken.  

Attempts t o  develop 

DESCRIPTION OF THE COAL EVALUATION U N I T  

A f l o w  diagram of t h e  coal e v a l u a t i o n  u n i t  (CEU) is  shown i n  F i g u r e  1. ' 
The r e a c t o r  i s  a capped Alonized 310 s t a i n l e s s  s teel  tube  2 4  i n c h e s  
long  and 2 inches  I D .  
c y i i n d r i c a l  900  kW Lindberg  h e a t e r s  1 8  i n c h e s  long. 
a r e  welded i n  t h e  t o p  c a p  of t h e  r e a c t o r .  

The redctor is h e a t e d  e1ectr ical :y  by twcj hemi- 

Feed i s  charged through one 
Two 1/4-inch t u b e s  
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of t h e s e  tubes ,  and p y r o l y s i s  and g a s i f i c a t i o n  p r o d u c t s  a r e  removed 
through t h e  o t h e r .  A s t a i n l e s s  steel  thermowell  which e x t e n d s  t o  w i t h i n  
4 i n c h e s  of t h e  t o p  o f  t h e  r e a c t o r  i s  welded i n  t h e  c e n t e r  of  t h e  bottom 
Cap. A p e r f o r a t e d  s t a i n l e s s  steel  p l a t e , w h i c h  s u p p o r t s  t h e  s o l i d s  
i n s i d e  t h e  r e a c t o r , i s  welded on t h e  thermowell  a b o u t  6 i n c h e s  above t h e  
bot tom of t h e  r e a c t o r .  The bottom cap a l s o  c o n t a i n s  a s e c t i o n  of 
l /r l- inch tub ing  through which f l u i d i z a t i o n  g a s  e n t e r s  t h e  reactor. 

Gases f lowing t o  t h e  r e a c t o r  are h e a t e d  t o  a b o u t  lOOO'F i n  a c losely 
wound, 310 s t a i n l e s s  s teel  c o i l  12 i n c h e s  long  and 1 i n c h  i n  d iameter .  
T h i s  gas  h e a t e r  i s  h e a t e d  by two Lindberg h e a t e r s .  Char is  f e d  t o  t h e  
r e a c t o r  from a l-1/2-inch ID g l a s s  t u b e  which s e r v e s  as a f e e d  reser- 
v o i r .  This  tube is  mounted on a Synt ron  v i b r a t o r  which c h a r g e s  70 to  
100 g of c h a r  o v e r  a 15- to  30-minute p e r i o d .  Steam is used as t h e  
f l u i d i z i n g  gas  i n  b o t h  t h e  p y r o l y s i s  and g a s i f i c a t i o n  o p e r a t i o n s .  Coal 
is u s u a l l y  pyrolyzed a t  900 t o  1100OF. A t  t h e s e  tempera tures  t h e  reac-  
t i o n  of  steam w i t h  c o a l  is  n e g l i g i b l e .  

The condensing system c o n s i s t s  of  t w o  g l a s s  a i r -and  water-cooled con- 
d e n s e r s ,  a glass-wool t r a p ,  and a q u i n o l i n e  s c r u b b e r  i n  series. The 
glass-wool  t r a p  and q u i n o l i n e  s c r u b b e r  remove tar  fog from t h e  gas .  
Gases l e a v i n g  t h e  q u i n o l i n e  s c r u b b e r  a r e  sampled,  ana lyzed  by gas  
chromatography, measured, and vented  t o  a hood. The chromatograph used 
is a Carle Bas ic  Gas Chromatograph equipped w i t h  a u t o m a t i c  sampling and 
s w i t c h i n g  devices .  T h i s  i n s t r u m e n t  a n a l y z e s  f o r  CO, C O 2 ,  CHI,,  0 2 ,  N 2  
and H20 every 7-1/2 minutes .  Hydrogen i s  o b t a i n e d  by d i f f e r e n c e .  

OPERATING PROCEDURE 

Ten grams of 1 / 8  x 25-mesh sand  are charged  t o  t h e  reactor t o  improve 
t r a n s f e r  of h e a t  t o  the f l u i d i z i n g  g a s ,  and t o  p r e v e n t  f i n e  c o a l  par-  
t ic les  from plugging  t h e  p e r f o r a t e d  bed s u p p o r t  p l a t e .  A 25- x 60-mesh 
f r a c t i o n  of feed  i s  used.  The steam v e l o c i t y  through t h e  r e a c t o r  i s  
main ta ined  a t  a b o u t  0.5 f t / s .  Velocities o v e r  0 . 8  ft/s c a r r y  char  f i n e s  
and low-density g a s i f i e d  c h a r  o u t  of t h e  reactor, and v e l o c i t i e s  below 
0.3 f t / s  do n o t  f l u i d i z e  the bed. 

A.  Non-Coking Coals 

Non-coking c o a l s  may be i n t r o d u c e d  i n t o  the r e a c t o r  a t  any tempera ture  
from room tempera ture  up t o  t h e  p y r o l y s i s  tempera ture .  The f e e d  is 
added over  a 30-minute p e r i o d .  P y r o l y s i s  i s  u s u a l l y  conducted a t  a 
maximum temperature  of about  1100OF. The c h a r  is  h e l d  a t  t h e  maximum 
tempera ture  f o r  30 t o  60 minutes ,  a t  which t i m e  o i l  p r o d u c t i o n  h a s  
ceased  and gas make is  n e g l i g i b l e .  

If  t h e  c h a r  t h a t  remains a f t e r  p y r o l y s i s  i s  t o  be  g a s i f i e d ,  t h e  temper- 
a t u r e  of  the  r e a c t o r  i s  r a i s e d  to t h e  d e s i r e d  g a s i f i c a t i o n  tempera ture ,  
and steam i s  then charged i n t o  the r e a c t o r  a t  a v e l o c i t y  of  approximate- 
l y  1 / 2  f t / s .  G a s i f i c a t i o n  is normally cont inued  f o r  t h r e e  hours .  Gases 
produced dur ing  p y r o l y s i s  and g a s i f i c a t i o n  a r e  ana lyzed  c o n t i n u a l l y  by 
gas  chromatography. 

To determine o i l  y i e l d s ,  t h e  condensed w a t e r  i s  decanted  through a f i l -  
t e r  paper  t o  recover  c a r r y o v e r  c h a r  f i n e s .  The f i l t e r  p a p e r ,  condensers ,  
f i n e s ,  and the  w a t e r - t a r  r e c e i v e r  a r e  washed w i t h  ace tone  t o  d i s s o l v e  
t h e  c o l l e c t e d  o i l ,  and t h e  a c e t o n e  s o l u t i o n  i s  f i l t e r e d  t o  remove c h a r  
t h a t  was mixed w i t h  t h e  o i l  The a c e t o n e f i l t r a t e  is  e v a p o r a t e d  i n  a 
t a r e d  f l a s k  t o  de te rmine  t h e  weight  o f  o i l  recovered.  The glass-wool 
t r a p  i s  d r i e d  a t  220°F and i t s  g a i n  i n  weight  is  cons idered  to  be o i l .  
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The small  amount of  o i l  t h a t  is  c o l l e c t e d  i n  t h e  q u i n o l i n e  t r a p  is n o t  
i n c l u d e d  i n  t h e  o i l  recovery ,  a s  q u i n o l i n e  also c o l l e c t s  water .  

The.wei.ght of  gas  formed d u r i n g  p y r o l y s i s ,  t h e  amount of  carbon g a s i f i e d ,  
and the g a s i f i c a t i o n  rate o f  c h a r  are a l l  c a l c u l a t e d  from t h e  volume and 
t h e  a n a l y s i s  of t h e  g a s e s  formed d u r i n g  p y r o l y s i s  and g a s i f i c a t i o n ,  
r e s p e c t i v e l y .  Char r e c o v e r y  i s  t h e  sum of  t h e  weights  of  c h a r  c a r r i e d  
overhead and t h a t  r e c o v e r e d  from t h e  reactor a t  t h e  end of t h e  run. 

B.  Coking Coals 

Unl ike  non-coking c o a l s  which may be charged to  a r e a c t o r  a t  any tempera- 
t u r e  f o r  p y r o l y s i s ,  coking  c o a l s  must be charged  to  t h e  r e a c t o r  below t h e  
i n c i p i e n t  coking or s o f t e n i n g  tempera ture .  This  i s  u s u a l l y  about  6 5 0 ° F .  
T o  p r e v e n t  a b u i l d u p  of coke i n  t h e  reactor, coking c o a l s  a r e  d i l u t e d  i n  
a 1:2  w e i g h t  r a t i o  w i t h  an a s h  f r a c t i o n  t h a t  has  t h e  same 25-x 60-mesh 
s i z e  as t h e  c o a l  feed .  A f t e r  t h e  coa l -ash  mixture  has  been charged,  t h e  
tempera ture  of t h e  r e a c t o r  is  r a i s e d  t o  l l O O O F  o v e r  a 1 t o  1-1 /2  h per -  
iod .  The r e a c t o r  i s  k e p t  a t  l lOO°F f o r  an a d d i t i o n a l  hour  t o  complete re- 
moval of t h e  t a r r y  o i l  f r a c t i o n s  from t h e  r e a c t o r .  

A f t e r  p y r o l y s i s  is  comple te ,  g a s i f i c a t i o n  and o i l  recovery  i s  conducted 
as d e s c r i b e d  above. 

C. Char R e a c t i v i t y  

I f  r e a c t i v i t y  d a t a  o n l y  are desired on c h a r s  which a r e  known t o  evolve 
n o  o i l  on h e a t i n g ,  t h e  reactor i s  h e a t e d  d i r e c t l y  t o  the g a s i f i c a t i o n  
tempera ture .  The c h a r  may be  added e i t h e r  b e f o r e  t h e  r e a c t o r  is hea ted  
or when t h e  r e a c t o r  h a s  reached  t h e  g a s i f i c a t i o n  tempera ture .  Experi- 
ments w i t h  COED c h a r s  p r e p a r e d  from I l l i n o i s  coal showed t h a t  bo th  
procedures  gave t h e  same g a s i f i c a t i o n  rates. Char r e a c t i v i t y  is c a l c u l a t e d  
fram t h e  volume of gas produced and t h e  amount of carbon r e a c t e d  as de- 
s c r i b e d  above. 

ANALYSIS OF FEEDSTREAMS 

The a n a l y s e s  of coals and c h a r s  used  i n  t h e s e  s t u d i e s  a r e  p r e s e n t e d  i n  
T a b l e s  1 and 2 .  

PYROLYTIC STUDIES 

Data o b t a i n e d  i n  p y r o l y z i n g  l i g n i t e  and Utah c o a l s  a r e  s h a m  i n  Table  3 .  
The l i g n i t e  y i e l d s  much less .oil and more gas  than  t h e  Utah c o a l .  
CEU c a n n o t  de te rmine  l i q u o r  y i e l d s  because steam is the c a r r i e r  g a s .  
With many c o a l s  l i q u o r  y i e l d s  o b t a i n e d  by f l u i d i z e d - b e d  p y r o l y s i s  are 
approximate ly  0.45 t i m e s  t h e  oxygen c o n t e n t  of t h e  c o a l  161 .  This  cor- 
r e c t i o n  is  probably h i g h  f o r  l i g n i t e , b u t  gave a reasonable  m a t e r i a l  
b a l a n c e  w i t h  t h e  Utah c o a l .  Table  3 a l s o  compares t h e  o i l  and gas  y i e l d s  
o b t a i n e d  i n  t h e  CEU w i t h  t h o s e  o b t a i n e d  by COED i n  t h e i r  4 -s tage  p y r o l y s i s  
sys tem,  u s i n g  a maximum tempera ture  of 1450OF. 

Hot-s tage microscope s t u d i e s  showed t h a t  shock h e a t i n g  i n c r e a s e d  t h e  y i e l d  

y i e l d s  i n c r e a s e d  s t e a d i l y  as t h e  tempera ture  a t  which t h e  l i g n i t e  w a s  
i n t r o d u c e d  i n t o  t h e  CEU r e a c t o r  was i n c r e a s e d .  Thus, t h e  lowest i e l d  of 

The 

o i l  w a s  o b t a i n e d  from t h e  r u n  i n  which t h e  l i g n i t e  was added to t K e 
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r e a c t o r  a t  room tempera ture ,  even though t h i s  char was u l t i m a t e l y  
h e a t e d  t o  t h e  h i g h e s t  t empera ture  shown. 

P y r o l y s i s  d a t a  f o r  t w o  h i g h - v o l a t i l e  A bituminous c o a l s  are p r e s e n t e d  
i n  T a b l e  5 .  I n  a l l  r u n s ,  c o a l  was charged  t o  t h e  CEU reactor a t  600 
t o  680°F, and a l l  c h a r s  were hea ted  t o  1100 t o  1180OF. Both c o a l s  
coked when processed  under  t h e  same c o n d i t i o n s  used  w i t h  t h e  lower- 
r a n k  coals. When t h e s e  coals were d i l u t e d  w i t h  two p a r t s  of a s h ,  t h e  
Sewickley-seam coal gave 2 1  t o  22  w t  p e r c e n t  o i l ,  and t h e  P i t t s b u r g h -  
seam c o a l ,  27.2 w t  p e r c e n t  o i l .  Runs 62, 63 and 64 show how o i l  y i e l d s  
were reduced d r a s t i c a l l y  when t h e s e  coals were a i r - o x i d i z e d  t o  i n h i b i t  
their  coking.  The sums of  t h e  y i e l d s  of  o i l ,  g a s ,  and c h a r  f o r  a l l  
a s h - d i l u t e d  runs  range from 92.4 t o  99.5 weight  p e r c e n t ,  i n d i c a t i n g  
good c l o s u r e s  i n  a l l  runs .  

GASIFICATION OF CHARS 

Earlier i n  t h e  COGAS program, t h e  r e a c t i v i t i e s  of c h a r s  were determined 
i n  a 3.75-inch ID f l u i d i z e d - b e d  c h a r  r e a c t i v i t y  u n i t  (CRU) t h a t  has  
been d e s c r i b e d  i n  an ear l ier  p u b l i c a t i o n  [SI .  S e v e r a l  COED c h a r s  were 
e v a l u a t e d  i n  b o t h  u n i t s  t o  de te rmine  t h e  c o r r e l a t i o n  of r e s u l t s  ob- 
t a i n e d  i n  the t w o  u n i t s .  The r e s u l t s  are summarized i n  Table  6. A l l  
CRU runs  were made w i t h  s team v e l o c i t i e s  of e i t h e r  0.4 o r  0.6 f t / s .  
As noted  above, t h e  CEU w a s  o p e r a t e d  a t  a b o u t  0 .5  f t / s .  

The g a s i f i c a t i o n  r e s u l t s  o b t a i n e d  i n  the CEU a g r e e  f a i r l v  w e l l  w i t h  
those o b t a i n e d  i n  t h e  l a r g e r  CRU. S i m i l a r  r e s u l t s  vere o b t a i n e d  w i t h  
I l l i n o i s  c h a r  i n  t h e  COGAS p i l o t  g a s i f i e r  (21.  L i g n i t e  c h a r s  prepared  
i n  the CEU i n  Runs 5 and 6 had r e a c t i v i t i e s  a t  1430 and 1500'F t h a t  
w e r e  i n  l i n e  w i t h  l i g n i t i c  c h a r s  prepared  i n  t h e  COED reactor system. 
The l i g n i t i c  c h a r s  w e r e  by f a r  t h e  most r e a c t i v e  e v a l u a t e d .  

The CEU s t u d i e s  c o r r o b o r a t e d  unexplained t r e n d s  found i n  t h e  CW. Thus, 
t h e  t h i r d - a t a g e  COED I l l i n o i s  No. 6 c h a r  w a s  more reactive than  t h e  
f o u r t h - s t a g e  c h a r  (Runs 71 and 2 2 ) ,  b u t  t h i s  was n o t  t h e  case w i t h  the 
Utah or Western Kentucky c h a r s .  I n  t h e  COED p i l o t  p l a n t ,  t h e  t h i r d  
s t a g e  u s u a l l y  o p e r a t e d  a t  1000°F; t h e  f o u r t h  s t a g e ,  a t  1450-1550°F. 
N o t e  t h a t  a c h a r  prepared  from Western Kentucky c o a l  i n  t h e  CEU had the 
same a c t i v i t y  as t h i r d - a n d  f o u r t h - s t a g e  c h a r s  p r e p a r e d  from t h i s  c o a l  
i n  t h e  COED reactors. (Compare Run 68 vs .  R u n s  78 and 79.)  

Oxidat ion reduces  t h e  y i e l d  of t a r s  d e r i v e d  from p y r o l y s i s .  CEU s t u d i e s  
demonstrated t h a t  o x i d a t i o n  a lso reduces  t h e  g a s i f i c a t i o n  rates of t h e  
r e s u l t a n t  c h a r s  markedly.  For  example, Western Kentucky c h a r  produced 
i n  t h e  COED p i l o t  p l a n t  w i t h  m i l d  o x i d a t i o n  i n  S t a g e  1 had o n l y  h a l f  
t h e  r e a c t i v i t y  of  c h a r s  made from t h i s  c o a l  w i t h o u t  o x i d a t i o n .  (Com- 
pare Runs 49 and 50 w i t h  Runs 78 and 79.)  S i m i l a r l v ,  c h a r s  made from 
o x i d i z e d  Pi t t sburgh-and  Sewickley-seam c o a l s  were less r e a c t i v e  than  
t h o s e  prepared from unoxidized c o a l s .  (Compare Runs 64 and 63 w i t h  
61.)  A sample of  coke t h a t  w a s  p repared  from Sewickley c o a l  i n  t h e  CEU 
also had a low c h a r  r e a c t i v i t y  (Run 5 5 ) .  

The CEU has  a l s o  been u s e f u l  f o r  o t h e r  s t u d i e s ,  e . g . ,  de te rmining  C o t  
r e a c t i v i t i e s  up t o  1900°F, conduct ing  f l u i d i z a t i o n  s t u d i e s ,  etc. I t  
h a s  proven t o  be a v e r s a t i l e  and u s e f u l  t o o l  t h a t  m e t  a l l  t h e  r e q u i r e -  
ments o u t l i n e d  f o r  it. The CEU has  now been used f o r  more than  1000 
hours  and shows no ev idence  of  c o r r o s i o n .  This  i s  a t t r i b u t e d  t o  t h e  
a luminiz ing  t r e a t m e n t  t h a t  was adminis te red  t o  t h e  reactor. An e a r l i e r  
non-aluminized reactor h a n d l i n g  t h e  same gases  showed c o r r o s i o n  a f t e r  
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less than  150 hour s  on stream. 
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TABLE 3 

P y r o l y s i s  of L i g n i t e  and Utah Coals 

P y r o l y s i s  Temp, OF 
I n i t i a l  F i n a l .  

700 900 
900 900 

COED [31 

800 800 
900 900 

1450 

Product  Y i e l d s ,  w t  P e r c e n t  
G a s  C h a r  1,i.qlior T o t a l  

-iTzia- 
LIGNITE 

5.0 32.0 56.7 11.8 105.5 
6.8 25.6 57.6 11.8 101.8 

UTAH COAL 

17.9 17.2 59.1 4.0 93.2 
18.5 11.6 59.0 5.1 94.2 

- - - 21.5 18.3 

TABLE 4 

E f f e c t  o f  Charge Temperatures  on L i g n i t e  O i l  Yields  

P y r o l y s i s  Temp. , OF O i l  Y i e l d ,  
Run N o .  I n i t i a l  F i n a l  w t  P e r c e n t  

1 3  70 1400 4.7 

10 70 0 900 5.0 

5 80 0 900 6 . 5  

6 900 ’ 900 6 . 8  

14  1400 1400 7.3 
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TABLE 5 

P y r o l y s i s  of High V o l a t i l e  A Coals 

C o a 1 : A s h  Y i e l d s ,  w t  P e r c e n t  R U l  Coal 
Char - Gas - Seam Ra t io  - No. 

53 Sewickley  1: 0 11.6 11.0 57 ,sa  

62b II l : o  9.2 12.5 77.3 

n 1: 2 22 .1  25.4 52.0 59 

60 1:2 21.4 ,I 18.8 52.2 

63' Pittsburgh l : o  0.2 10.4 72.5 

64b n l : o  15.4 10.0 69.4 

II 27.2 19.2 49.3 6 1  1: 2 

a 

bCoal a i r - o x i d i z e d  a t  350 t o  400°F for 30 minutes  

'Coal a i r - o x i d i z e d  a t  350 t o  400°F for 60 minutes  

Sample coked 



4 3  

Run 
No, 

5 
6 
- 
- 

71 
22 
23  
48 
46 
78 
79 
68 
49 
50 
64 

6 3  
6 1  
55 
59 
60 

D e r i v a t i v e  
Coal 

L i g n i t e  
,I 

,I 

It 

I l l i n o i s  
,I 

I, 

Utah 
It 

W. Kentucky 

I 

" (ox id ized )  
I, 

P i t t s b u r g h  " 

It 

I, 

Sewickley 
I 

I, 

TABLE 6 

G a s i f i c a t i o n  of Chars  

Char 
Source 

CEU 

CEU 

COED- 4 t h  S t a g e  
COED-4th Stage 
COED-4th S t a g e  
COED- 3 rd  S t a g e  
COED-4th S t a g e  
COED- 3rd '  S t a g e  
COED-4th S t a g e  
COED-3rd S t a g e  
COED-4th Stage 
CEU 

COED- 3 rd  S t a g e  
COED-4 th  S t a g e  
CEU - Oxidized 

CEU - Oxidized 
CEU 

CEU - Coked 
CEU 

CEU 

lg c g a s i f i e d / ( h )  (9 C i n  bed)  

G a s i f i c a t i o n  G a s i f i c a t i o n  Rate '  
CEU - Temp., OF 

1430 
1500 
1430 
1600 
1600 
1600 
1700 
1600 
1600 
1600 
1600 
1600 
1600 
1600 

1600 
1600 
1600 
1600 
1600 
1600 

0.61 
0.90 

0.11 
0.30 

0.26,O. 23  
0.15 
0.22 
0.23 
0.28 
0.27 
0.14 
0.14 

0 . 1 2  

0.15 
0.38 
0.18 
0.40 
0.48 

CRU - 

0.60 
>1.0 

0.14 
0 . 2 4  

0.23 
0.18 
0 . 2 1  

0 . 2 4  
0.23 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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